This study was conducted to examine the effect of various abiotic (non-living chemical and physical) factors, which enhance or limit the growth of Escherichia coli and Pseudomonas aeruginosa in bathroom greywater (GW). These factors included: temperature (6 ± 2, 23 ± 2 and 42 ± 2 W C); aeration (aerobic and anaerobic); salinity (1.75 and 3.5%); GW with deionised water (DW) (50% GW:50% DW);
INTRODUCTION
Greywater (GW) is usually defined as all the wastewater produced in a household except toilet wastes (black water). Typically, GW includes water from bathroom sinks, baths and showers, and may also include water from laundry facilities and dishwashers. Some definitions include wastewater from kitchen sinks although there is no consensus on this (Queensland Government ).
GW represents the largest potential source of water savings in domestic residences, accounting for as much as 50-80% of the total water uses (Christova-Boal et al. Because of the large volume produced and low pollutant concentration, many people propose that GW could be used as irrigation water in dry regions. However, there has been little consideration of the survival of potential pathogenic microorganisms and use of GW without treatment. Few studies have investigated the effect of abiotic factors on pathogenic bacteria in real GW. In this study we chose two bacterial species Escherichia coli and Pseudomonas aeruginosa. E. coli is commonly found in the lower intestine of warm-blooded organisms; it is one of the most diverse bacterial species with several pathogenic strains with different symptoms and only 20% of the genome is common to all strains (Lukjancenko et al. ) . P. aeruginosa is widely distributed in aquatic and terrestrial habitats. Concentrations of P. aeruginosa in sewage may exceed 10 5 CFU/100 mL (Howard et al. ) . While usually not a significant risk to healthy individuals, P. aeruginosa has been associated with cases of folliculitis, dermatitis, and ear and urinary infections.
Many factors could affect the growth rate or survival of bacteria. This paper focuses on four factors: temperature, aeration, salt concentration and nutrient concentration.
Cell size and zeta potential for E. coli and P. aeruginosa were also determined in relation to the medium composition.
MATERIALS AND METHODS

Bacterial growth conditions and parameters
The experimental work concerning pathogenic microorganisms in GW was carried out with E. coli and P. aeruginosa.
Both species have been isolated from bathroom GW from Nantes, France. E. coli and P. aeruginosa were generally grown in different media: nutrient broth (NB: composition g/L, beef extract 3.0 g, peptone 5.0 g); minimum mineral medium with glucose (MMG: composition g/L, Na 2 HPO 4 4.8 g, KH 2 PO 4 4.4 g, MgSO 4 7H 2 O 0.5 g, NH 4 Cl 1.0 g, glucose 1 g (Mian et al. )); and GW. The survival or growth measurement was done by plate counting using a selective medium (TTC Tergitol 7Biokar diagnostics) at 37 or 44 W C.
To characterise the rate of bacteria decay and the time required for 90% reduction in bacterial cell, we used decay rate K (h) and T 90 :
(i) The decay rate K (h) were calculated according to Chick's law (Alkan et al. ) which is represented by:
where: N 0 and N t are respectively the bacterial numbers initially and at time t measured in hours.
(ii) The time required for 90% reduction in cell viability, T 90 .
where: C 0 and C are respectively the bacterial concentrations initially and at time t measured in hours.
Greywater samples
GW samples were collected from a domestic bathroom shower. The samples were immediately stored at 4 W C in a dark polyethylene bottle. The typical chemical composition of GW which was used in this study is presented in Table 1 (Chaillou et al. ). For each experiment, the strain was first cultured in NB, harvested by centrifugation and washed with deionised water (DW) and added to GW at the appropriate initial concentration; all experimental survival curves was done in triplicate.
Temperature
To investigate the effect of temperature, three Erlenmeyer flasks were filled with 250 mL of GW seeded with E. coli or P. aeruginosa suspension at pH 7 and incubated in the dark at different temperatures (6 ± 2, 23 ± 2 and 42 ± 2 W C) under shaking at 300 rpm. The three temperatures were chosen depending on the mean temperatures in France and Egypt, and on the known survival characteristics of E. coli and P. aeruginosa.
Aeration
Two bottles were used for E. coli and P. aeruginosa. The bottles were each filled with 250 mL of GW, seeded with E. coli or P. aeruginosa suspension and incubated at 23 ± 2 W C. To produce anaerobic and aerobic conditions, one bottle was closed air-tight and the other closed with a cotton-wool plug to allowed air to enter with shaking at 300 rpm.
Salinity
Three salinity concentrations were investigated: 1.75 and 3.5% and GW dilution at 50% GW:50% DW seeded with E. coli or P. aeruginosa suspensions. The flasks are protected from light and incubated at 23 ± 2 W C with shaking (300 rpm). The two levels of salinity were chosen according to the mean levels of salt in seawater: 3.5% salinity is the mean seawater salinity; half of this concentration (1.75% salinity) represents the effect of dilution by GW.
Zeta potential and cell size measurement
The zeta potential and the cell size of the study microorganisms were measured by dynamic light scattering with a Zetasizer Nano ZS (Malvern Instruments Ltd, UK). For this experiment, the microorganisms were grown in NB as a nutrient-rich medium or in MMG and GW as a nutrientpoor medium at 25 W C with shaking at 300 rpm ( Table 2) .
The bacteria were harvested by centrifugation for 10 min at 8,545 × g rpm and washed twice with NaCl solution (9 g L À1 ). The measures were recorded after 6 days for GW and after the end of exponential growth phase for other media.
RESULTS AND DISCUSSION
Effects of temperature on the survival of E. coli and
P. aeruginosa
To study the effects of temperature on abundances of E. coli and P. aeruginosa, we incubated these species in GW at different temperature (6 ± 2, 23 ± 2 and 42 ± 2 W C). As shown in Figures 1, 2 salinity, the T 90 for E. coli is only 43 h. This is consistent with other studies which illustrated that at high salinities the survival of faecal coliforms in water is lower (Bordalo et al. ) . When the salinity decreases by 50% the survival time has shown a two-fold (P. aeruginosa) or three-fold (E. coli) increase. Table 3 shows the time required for a 90% decrease in CFU (T 90 ) for E. coli at low salinity was estimated to 150 and 43 h for 1.75 and 3.5% salinity respectively. For P. aeruginosa the T 90 (Table 4 ) was estimated to 247 and 115 h at low and high salinity respectively; P. aeruginosa is more resistant than E. coli.
Incubation under low nutrient concentrations (50% GW:50% DW) led to a reduction in both the decay rate (K) and T 90 (see Tables 3 and 4) .
Effect of different media on zeta potential and cell size of E. coli and P. aeruginosa
The zeta potential of E. coli and P. aeruginosa exhibit a global negative charge of the cells at pH close to neutrality ( Table 2) rich media bacterial cells have mean particle size around 1,050 nm (range 825-1,480 nm). For the same microorganism starved 1 week in GW the size was smaller and close to 550 nm. For P. aeruginosa bacterial cells grown in rich media have mean particle size around 1,050 nm (range 700-1,280 nm). For the P. aeruginosa cells maintained 1 week in GW the size decrease to a value between 450 and 530 nm. These results highlight that if the medium used to develop the bacteria is rich like NB or MMG, the cells size will be bigger than in poor medium like bathroom GW.
CONCLUSION
After this study, we can conclude that the treatment of GW with various abiotic factors (temperature, aeration, salt concentrations and nutrient starvation) inhibited the growth of some pathogenic bacteria (E. coli and P. aeruginosa). We conclude: (1) temperature and salinity have the greatest impact on survival of these bacteria;
(2) if the medium has a low concentration of nutrients survival will be affected; (3) substrate and nutrients concentration in the medium also affect cell size and zeta potential.
These parameters are of importance in the retention of microorganisms by filtration processes and will condition the interaction between particles and filtration material such as membrane or sand. Our study highlights the fact that for safe reuse of GW it is necessary to remove biological pollution. High temperature is an abiotic factor which could be used as a simple and economic treatment in arid and semi-arid areas in order to make safe use of GW for irrigation. This research could be more widely used and applied in sunny countries such as arid area countries.
